Summary &horbar; Three-quarters of in vivo and one-third of in vitro fertilized bovine eggs reached blastocyst stage when cultured on tubal cell monolayers (TCM), but no hatching occurred in B2 medium supplemented with estrous cow serum. When after 3 days of culture on TCM, morulae were transferred on endometrial cell monolayers (UCM), the same proportion of blastocysts was obtained and one-third of them hatched.
(3rd Franco-Czechoslovak Meeting, INRA, Jouy-en-Josas, 13-14 December 1988) Summary &horbar; Three-quarters of in vivo and one-third of in vitro fertilized bovine eggs reached blastocyst stage when cultured on tubal cell monolayers (TCM), but no hatching occurred in B2 medium supplemented with estrous cow serum. When after 3 days of culture on TCM, morulae were transferred on endometrial cell monolayers (UCM), the same proportion of blastocysts was obtained and one-third of them hatched.
Histological studies of hatched blastocysts showed that the number of inner cells was significantly lower than in hatched blastocysts recovered in vivo 8&horbar;8.5 days after ovulation. Moreover, the number of pycnotic cells was higher than normal, although mitosis were present. On the contrary, there was no difference in either the number or the appearance of trophobiastic cells between blastocysts obtained in vitro and in vivo. The addition of transforming growth factor to either TCM or UCM co-cultures at the very beginning of blastocyst formation specifically stimulated growth of the inner cell mass (ICM) . The number of cells at hatching was about double (120) and significantly higher than that found in 8&horbar;8.5&horbar;day blastocysts in vivo. Moreover, hatching percentages were similar to the controls, even when eggs were cultured for 8 days only on TCM. However the proportion of pycnotic cells remained higher than normal, although many mitotic cells were unevenly distributed (Wintenberger et al., 1954) . The same observation has been made on bovine egg (Thibault, 1966) . Many attempts to stimulate further cleavage by enriching classical culture media with ovine, bovine, equine or fetal calf blood serum have been unsuccessful. A discovery by Gandolfi & Moor (1987) showed that the 8-cell stage block did not occur if sheep in vivofertilized eggs were cultured on epithelial tubal cell monolayers, or even on fibroblasts. After such co-cultures, morulae and blastocysts were obtained and lambs were born from transferred blastocysts. This procedure has been extended to bovine egg (see Rexroad, 1989 ). Granulosa cells also seem able to support complete development In vitro fertilization procedure has been described by Marquant-Le Guienne et al. (1989) .
In vitro fertilized eggs were freed of corona cells and attached sperms 18 h after insemination in B2 medium supplemented with 10% ECS and then transferred to tubal cell monolayers. In vivo fertilized eggs recovered either a few hours after fertilization or 30 h later were cultured under the same conditions. Blastocysts were recovered in vivo by the cervical route 7 or 8.5 days after ovulation according to Ozil et al. (1980) . Ovulation has been estimated to occur 30 h after the onset of estrus (Thibault, 1967) .
Tubal cell monolayers were prepared as fol- days.
Uterine cell monolayers were also prepared from cows slaughtered for oocytes or fertilized egg collection on day 0 or day 1. This is not the optimal time during the estrus cycle for uterine cell viability (Fortier et al., 1988) (Inaba et al., 1988 (Table II) . About fifty percent of them were expanded after 8 days of culture, but none of them hatched (even after 11 days).
As it is known that in non-primate mammals, fertilized eggs experimentally maintained in the tubes degenerate at blastocyst stage, we tried to mimic the natural in vivo situation by transferring morulae on uterine cell monolayers (UCM) after 3 days of culture on tubal cell monolayers (TCM).
In these conditions, 68% of the morula developed to blastocysts, and = 8 days after fertilization 31% of these blastocysts hatched (Table II) . When in vitro fertilized eggs were cultured under the same conditions, a lower proportion of morulae reached the blastocyst stage (33%) but a similar percentage of hatching was observed (37% , Table 11 ). Thus the passage of morulae from TCM to UCM allowed hatching. Hatching followed a time schedule similar to that in vivo 8&horbar;8.5 days after fertilization (Table 111 ). However, histological studies showed that in vitro hatched blastocysts had a significantly lower number of cells in ICM than those found in in vivo hatched blastocysts (P < 0.02, Fig. 1 a  and Table IV) . Moroever, the average number of pycnotic cells in ICM was much higher (P < 0.01 although mitoses were present in ICM as well as in the trophoblast (Tables III and IV (87% vs 0 %; P < 0.01, Table II ). In these in vitro systems hatching occurred as in vivo, i.e. = 8 days after fertilization.
Were these blastocysts similar to those recovered in vivo from superovulated cows 8-8.5 days after fertilization ?
When blastocysts were cultured on TCM&horbar; UCM plus TGF-(3 the numbers of cells in ICM were significantly higher (P < 0.01) than in blastocysts cultured without this factor ( Fig. 1 a, Tables III and IV ). In hatched blastocysts obtained when TGF-(3 was added to TCM culture, the numbers of cells in ICM were significantly higher than in in vivo controls (P < 0.01, Tables I and  IV , Fig. 1 a) . No comparison could be made with blastocysts obtained on TCM alone since no hatching was observed in that situation. These results indicate that TGF-(3 always stimulated mitotic activity. However, the numbers of pycnotic cells in ICM remained significantly higher than in in vivo controls (P < 0.01; Tables III and IV) . When comparing the numbers of mitotic and pycnotic cells in ICMs of in vitro produced blastocysts (Fig. 2a, 2b) (Table IV) . As in all the experimental groups, the numbers of trophoblastic cells did not differ significantly from the control (Fig. 1 b) , the ratio differences between in vivo and in vitro blastocysts mainly depended on ICM development (compare Table III TGF-! has a wide range of effects (see Rizzino, 1988 (Kimelman & Kirschner, 1987) . In mammals, it has been recently reported that mouse blastocyst cultured in vitro produces a growth factor which is immunologically related to FGF (Rizzino, 1988) but the presence of TGF-(3 in this species has been only studied in later stages of development (Heine et aL, 1987 (Given, 1988 
